Objective This study aimed to clarify the oncological safety of pylorus-preserving gastrectomy (PPG) compared with conventional distal gastrectomy (DG). Methods From three institutions specializing in cancer, the medical records for a cohort of 2898 consecutive patients who had undergone DG (n = 2208) or PPG (n = 690) for clinical stage I gastric cancer between January 2006 and December 2012 were analyzed. A propensity score for each patient was estimated on the basis of 38 preoperative clinical and tumor-related factors. After propensity score matching had been done, 1004 patients (502 DG patients, 502 PPG patients) were included in the analysis. The overall survival, relapse-free survival, and occurrence of secondary gastric cancer were then compared. The median observation period was 48.6 months (range 1-109.8 months). Results The 5-year overall survival rate was 98.4 % for the PPG group and 96.6 % for the DG group (hazard ratio 0.48, 95 % confidence interval 0.21-1.09, P = 0.07). The 3-year relapse-free survival rate was 99.5 % for the PPG group and 98.0 % for the DG group (hazard ratio 0.39, 95 % confidence interval 0.12-1.33, P = 0.12). Postoperative secondary gastric cancer was encountered in eight patients (1.6 %) in the PPG group and four patients (0.8 %) in the DG group. No significant differences in either overall survival, relapse-free survival, or the occurrence of secondary gastric cancer were observed between the two groups. Conclusions Given the adequate estimation of the clinical tumor stage, the oncological safety of PPG for clinical T1N0 gastric cancer in the middle portion of the stomach was comparable to that of DG.
Introduction
The gastric cancer mortality rate has decreased in recent decades in Japan, a trend that can be attributed to an increase in the diagnosis of early gastric cancer. According to the 2009 annual nationwide registry report of the Japanese Gastric Cancer Association, stage I gastric cancer had been diagnosed in 59.7 % of the 12,577 registered patients. The report showed that the 5-year survival rate in patients with stage I gastric cancer was 90.3 % [1] . Whereas a gastrectomy with extended lymph node dissection for gastric cancer now provides a sufficiently satisfactory prognosis [2, 3] , the maintenance of quality of life has become as important as a radical cure. This circumstance has led us to pursue function-preserving procedures to overcome gastrectomy-related nutritional disorders.
A pylorus-reserving gastrectomy (PPG) was introduced in 1967 as a function-preserving surgery for gastric ulcer [4] . The procedure essentially features the preservation of the sphincteric function of the pylorus by retaining the prepyloric antrum. Theoretically, a PPG can maintain physiological gastric emptying, thereby preventing alkaline reflex. This modification was suggested to reduce the incidence of postoperative prandial symptoms and reduce body weight loss after a conventional distal gastrectomy (DG) [5] .
PPG has recently attracted attention as a surgical procedure for early gastric cancer in Japan. Several single-institution retrospective case studies with large numbers of patients have consistently indicated the oncological safety of PPG [6] [7] [8] . However, the PPG procedure that was examined included the preservation of the nerve supply and blood flow to the pyloric antrum for the maintenance of pyloric function, resulting in the incomplete dissection of the suprapyloric and infrapyloric lymph nodes. The limited dissection of some regional lymph nodes could increase the likelihood of recurrence. Although previous reports have suggested that the possibility of metastasis to the suprapyloric and infrapyloric lymph nodes from early gastric cancer located in the middle portion of the stomach was negligible [9, 10] , a comparison with conventional DG plus extended lymphadenectomy in a sufficient number of patients is required to establish the oncological adequacy of PPG.
We have conducted a large-scale retrospective review of a database of patients from three high-volume centers. The purpose of this study was to validate the safety of PPG compared with DG over a long observation period.
Patients and methods

Study population and patient selection
After ethics board approval had been obtained, a prospectively maintained database for the Niigata Cancer Center Hospital, the Cancer Institute Hospital of the Japanese Foundation for Cancer Research, and the National Cancer Center Hospital East was reviewed. A total of 2898 patients who met the following criteria were enrolled in the study: histologically proven gastric adenocarcinoma, clinical stage I (T1N0, T2N0, T1N1), and treatment with DG or PPG between January 2006 and December 2012. The exclusion criteria were the presence of synchronous or metachronous malignant disease and no sufficiently applicable clinical data. The staging was conducted according to the Union for International Cancer Control TNM classification (seventh edition).
To estimate the propensity score, 38 preoperative factors, including the patients' demographic information and tumor-related factors, were identified (Table 1) . Tumorrelated factors were evaluated according to the Japanese classification of gastric cancer (third edition) [11] . Our study team composed of expert surgeons, epidemiologists, and biostatisticians optimized these factors to decide whether DG or PPG would be appropriate. The propensity score estimation and matching were performed by a biostatistician who was blinded to the perioperative and postoperative information. The score was computed with a logistic model, and greedy matching (ratio 1:1 without replacement) with a caliper of width 0.2 standard deviations of the logit of the estimated propensity score was performed. In addition to the propensity score matching, four factors (clinical T and N category, tumor location, and number of lesions as a preoperative diagnosis) were exactly matched to achieve a better balance. Finally, 1004 patients (502 in the DG group and 502 in the PPG group) were matched and included in the analysis. The balance of each covariate before and after the matching between the two groups was evaluated by the standardized differences [12] . An absolute value of the standardized differences of less than 10 % was considered to be a relatively small imbalance ( Table 2 ). The study flow diagram is shown in Fig. 1 .
Comparative analysis and statistics
After matching had been performed, the clinical courses of the matched patients were identified from the medical records. The primary outcome was overall survival (OS). Secondary outcome measures included the duration of relapse-free survival (RFS), the recurrence site, postoperative morbidity, and the incidence of secondary gastric cancer from the remnant stomach. OS was calculated by the KaplanMeier method from the date of the surgery until the date of death or the date of last follow-up. RFS was calculated from the date of the gastrectomy to the date on which the first recurrence was diagnosed. Postoperative morbidity was defined as a severity of grade 3 or more according to the Clavien-Dindo classification [13, 14] . The stratified log-rank test was used to compare OS and RFS between the DG and PPG groups. The hazard ratios and 95 % confidence intervals were estimated by the Cox proportional hazards model. When evaluating the other secondary outcomes, we compared continuous variables using the Mann-Whitney U test and categorical variables using the chi-square test and Fisher's exact test. All the statistical tests were two-sided, and the statistical significance was defined as P \ 0.05. The statistical analyses were performed with the statistical analysis software package SPSS 9.0 (SPSS, Chicago, IL, USA).
Results
The patient characteristics and tumor-related factors for all patients and the matched patients are shown in Table 2 . Significant differences in the following preoperative factors were observed between the DG and PPG groups: age, sex, American Society of Anesthesiologists physical status, body mass index, tumor location, clinical T category, clinical N category, and number of lesions. A young age, low American Society of Anesthesiologists physical status, middle-portion gastric tumor, solitary tumor, cT1 tumor, and cN0 tumor were characteristic of the patients who underwent a PPG. After propensity score matching had been done, the distributions of the preoperative factors were comparable.
Survival analysis
The median observation period was 48.6 months (range 1-109.8 months). The survival curve for OS is shown in Fig. 2 . The 3-and 5-year OS rates were 97.9 and 96.6 % respectively in the DG group and 98.7 and 98.4 % respectively in the PPG group. The hazard ratio for overall death in the PPG group was 0.475 (95 % confidence interval 0.207-1.089; P = 0.07). The survival status is shown in Table 3 . Death from gastric cancer occurred in 6 of the 16 patients who died after surgery. The RFS curve is shown in Fig. 3 . The 3-and 5-year RFS rates were 98.0 and 98.0 % respectively in the DG group and 99.5 and 99.5 % respectively in the PPG group. The hazard ratio for recurrence in the PPG group was 0.393 (95 % confidence interval 0.116-1.331; P = 0.12). In 12 patients, recurrence after surgery was observed. The recurrence sites are shown in Table 3 . In total, the peritoneum and liver were relatively frequent sites of recurrence. Table 4 shows the detailed surgical and pathological characteristics. Blood loss during surgery, the frequency of preservation of the vagal nerve, pathological T category, pathological stage, and tumor size in the resected specimen were significantly different between the two groups. In some of the patients, the histopathological stage was more advanced than the clinically estimated stage before surgery, the frequency of which was higher in the DG group. Microscopic residual tumor was present in four patients. All of these patients had pathological stage I cancer and a pathologically positive surgical margin. Although they survived during the observation period, peritoneal recurrence was found in one patient in the PPG group. In nine patients (not including three patients with microscopic residual tumor) with recurrence after DG, four were estimated as having pathological stage I cancer and another four had pathological stage II or stage III cancer. All four patients (including the one patient with microscopic residual tumor) with recurrence after PPG were had pathological stage I cancer.
Surgical and pathological findings
The clinical course after surgery is shown in Table 3 . The grade III or grade IV (overall) surgical morbidity rate was 3.4 % (12.7 %) in the DG group and 3.4 % (14.7 %) in the PPG group. The postoperative morbidities in the two groups were similar. The frequency of postoperative stasis was 1.8 % in the DG group and 1.4 % in the PPG group, with all the cases being either grade I or grade II. Although the morbidity rates were comparable between the two groups, the period of in-hospital stay in the PPG group was significantly longer than that in the DG group.
Secondary gastric caner
Secondary gastric cancer arose from the remnant stomach in four of the patients in the DG group and eight of the patients in the PPG group. However, data regarding endoscopic surveillance after surgery were not applicable in 582 patients. 
Discussion
According to the Japanese gastric cancer treatment guidelines revised in 2010, PPG can be applied for clinical T1N0 gastric cancer in the middle portion of the stomach with a distal tumor border at least 4 cm proximal to the pylorus [15] . The potential risk of recurrence because of the omission of the dissection of a few lymph nodes during the PPG procedure remains controversial. So far, no randomized controlled trial evaluating the oncological safety of PPG for early gastric cancer has been performed. Previous studies comparing DG and PPG were conducted with little regard to preoperative factors [10, [16] [17] [18] [19] [20] [21] . In most of these studies, case matching was performed only according to the location of the tumor. In clinical practice, however, the surgical procedure is comprehensively determined on the basis not only of tumor-related factors but also of the patient's medical condition; hence, the results of these previous studies might have been influenced by other tendencies toward to each procedure. Although a case-matched comparison considering various clinical factors and one randomized controlled trial have been reported, their results had limited ability to establish the clinical benefit of PPG because of the relatively small numbers of cases and the relatively short observation periods [22, 23] . Here, we have reported the first large-scale case-controlled analysis of PPG using the propensity-matched score (PMS). The sample size and observation period of present the study were statistically designed to allow a sufficient comparison of the survival outcome between DG and PPG. The propensity score method is increasingly being used in observational studies investigating surgical procedures for gastric cancer [24] [25] [26] . The PMS can be used to balance covariates in two nonrandomized groups so as to reduce biased estimations. At the baseline of the present study population, there was quite a large difference in the preclinical factors between the DG and PPG groups ( Table 2) . After the PMS dissolved the difference in conditional probability, the matched patients had no significant covariates between the two groups.
The results of a comparative evaluation suggested essential differences between the two procedures in terms of volume of blood loss, the level of lymph node dissection, and the preservation of the vagal nerve. On the other hand, the preoperative T category, stage, and tumor size were underestimated in some patients, and this was commoner in the DG group. To avoid undertreatment, surgeons may have estimated the clinical stage more carefully in the PPG group than in the DG group. This might have created an inevitable bias, even with use of the PMS method, in the present study.
Whereas the surgical morbidity rates were comparable between the two groups, the hospital stay in the PPG group was significantly longer than that in the DG group. This finding is consistent with previous reports [16, 20, 22] . Delayed gastric emptying is known to be more frequent in PPG patients [21] . The dissection of the infrapyloric vein and the right gastric vein was suggested to cause the longterm retention of the gastric contents following edema of the pyloric cuff [20, 27] . The relatively low frequency of stasis in the present study presumably originated from the fact that the specialized gastric surgeons operating in highvolume centers were able to minimize the decrease in gastric motility through the proper preservation of the blood flow to the pyloric cuff. Nevertheless, a subtle retardation of food intake in patients who have undergone PPG has been reported in several studies [16, 22] . This factor might be responsible for the extension of the hospital stay.
In the present study participants, lymph node dissection was consistently performed according to a standard procedure, although preservation of the infrapyloric vessels and/or abdominal branch of the vagal nerve was left to the surgeon's judgment. Although the lymph node dissection was performed according to the Japanese gastric cancer treatment guidelines [15] , some limitations in lymph node dissection were encountered when a PPG was performed. The suprapyloric lymph nodes were not dissected to allow the preservation of the right gastric artery and vein. A portion of the infrapyloric lymph node was also not resected to preserve the infrapyloric artery.
Both OS and RFS were not significantly different between the PPG group and the DG group. The survival rate after PPG tended to be superior to that after DG. This was presumably attributable to the difference in the pathological stage. Previous studies have consistently reported 5-year OS rates of 95.0-98.0 % after PPG [6] [7] [8] 20] . Among the extremely rare recurrences in both groups, no recurrences in lymph nodes were observed after PPG. Thus, for patients with a carefully estimated preoperative tumor stage, the survival rate after PPG for early gastric cancer can be considered excellent. In such cases, the curtailment of regional lymph node dissection is unlikely to cause any risk of recurrence. Among a total of 2898 patients, PPG was exceptionally performed for eight patients with cT2 tumor and eight patients with cN1 tumor. These small numbers of patients were not sufficient to assess the risk of PPG in the patients with T1N1 or T2N0 gastric cancer in the present study. However, since underestimation of the preoperative tumor stage could influence the frequency of recurrence after surgery, PPG for T1N1 or T2N0 gastric cancer could carry a considerable oncological risk. Therefore, PPG should be restricted to patients with T1N0 gastric cancer.
Secondary cancer in the remnant gastric stump could be another oncological risk. Many reports concerning gastric cancer from the remnant stomach have been published DG distal gastrectomy, M mucosa, MP muscularis propria, PPG pylorus-preserving gastrectomy, SE serosa, SI structures adjacent to serosa, SM submucosa, SS subserosa a The median is given, with the range in parentheses Oncological outcomes of function preserving gastrectomy for early gastric cancer... 715 [28] [29] [30] [31] . The regurgitation of bile or pancreatic juice has been thought to initiate carcinogenesis through mucosal damage in the remnant stomach [32] [33] [34] . The preservation of the pylorus ring during a DG would assuage gastritis by reducing the reflux of the duodenal contents. Contrary to expectations, the reported prevalence of secondary gastric cancer after PPG was not negligible, but was 0.8-4.3 % [6, 8, 18, 21, 35] . The results of the present study suggest a higher frequency of secondary gastric cancer after PPG compared with after DG. The frequencies after each procedure in this study agreed with those of previous analyses. However, whether PPG for early gastric cancer increases the risk of secondary gastric cancer could not be concluded, since the results of endoscopic examinations were not applicable for more than half of the study participants. In addition, the observation period was not adequate to evaluate the frequency of secondary gastric cancer. The present study had several limitations. First, the evidence of a case-matched retrospective analysis is not as well established as that of a randomized controlled trial. Case matching using PMS could not offset all biases. The case matching in the present study was performed with a matching ratio of 1:1 without regard to the considerably lower frequency of PPG compared with DG. Overall, three quarters of the patients who underwent DG were excluded from the present analysis. In some of them, the tumor status was even similar to that of the patients in the PPG group. The patient selection, which was not equivalent between the two groups, might have influenced the results. Second, the matched patients included in the present analysis were a subgroup of patients who exhibited some distinct clinical features. The results of the present study might not necessarily be applicable to all early gastric cancer patients. For example, early gastric cancer is not common in most of the world. Thus, PPG might be applicable only in countries with a high incidence of gastric cancer. Third, the PPG procedure itself has not been completely established. The degree of blood flow and nerve preservation may depend on institutional policies or the abilities of surgeons. However, the fact that the quality of the lymph node dissections was well controlled in the present study should be considered when one is interpreting the results. Fourth, a longer observation period would have clarified the results of survival analysis in the present study. Nevertheless, the superior OS and RFS rates observed for the PPG group suggest that PPG offered a survival benefit at least comparable to that offered by DG after surgery. This result was acceptable for comparison of the oncological outcomes between the two groups. Fifth, the ability of PPG to alleviate disorders after a gastrectomy remains to be validated. Previous reports evaluating small numbers of patients have suggested that PPG for early gastric cancer reduced the incidence of postprandial symptoms, reduced body weight loss, reduced serum nutritional indices, improved endoscopic findings of the remnant stomach, and reduced the incidence of gallstones [17] [18] [19] [21] [22] [23] . A comparative analysis of a larger number of patients is needed to reveal whether the clinical benefit of PPG warrants a longer hospital stay.
In conclusion, this study was the first comparative casematched analysis between PPG and DG with a sufficient number of patients. Among carefully selected gastric cancer patients, PPG had no oncological inferiority to DG. Therefore, PPG might provide physiological advantages over DG by preserving the function of the pylorus without increasing the risk of recurrence.
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